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Note :  Th i s  r "epo r t  was  ne typed  and  rep r in ted  i n
1985 .  No  a t temot  was  made  to  reeva l  ua te  the
rese rve  ca l cu la t i ons  as  o r j g i na l  1y  repo r ted ,
No te :  A1  t hough  unda ted ,  t he  o r i g i na l  nepo r t  was
pub l  i shed  as  an  0pen  F i ' l  e  Repo r t  j n  1975 .
I  NTRODUCT I ON
The fo l low ing  repor t  was  prepared by  the  Iowa Geo log ica l  Survey  under  U.S.
Buneau o f  l4 ines  Grant  No.  G0254008.
The Count ies  jnc luded in  the  s tudy  (Lucas ,  Mahaska,  f ' l a r ion ,  l ' 1onroe,  l , lape l lo )
were  se lec ted  because more  in fo rmat ion  was ava. i  lab le  fo r  those count ies  than
in  o ther  coun t ies  in  Iowa under la jn  by  coa l -bear ing  rocks  (F ig .  1 ) .  Never the-
less ,  the  amount  o f  ava i lab le  in fo rmat ion  i s  no t  ex tens ive .
I t  was  the  i n ten t  a t  t he  ou tse t  o f  t he  s tudy  to  es tab l j sh  c r i t e r i a  f o r  de te r -
m in i ng  es t jma tes  t ha t  wou ld  impose  cons t ra j n t s  so  as  t o  p roduce  conse rva t i ve
es t ima tes .  I t  i s  be l  i eved  t ha t  ' i n t en t  was  f u l f i l l ed .
Work  under  the  g ran t  was  pe r fo rmed  by  P ro fesso r  Pau l  L .  Garv in ,  Co rne l  I Co l -
l ege ,  M t .  Ve rnon ,  I owa ,  ass i s ted  by  g radua te  ass j s tan ts  Ne i l  Sa rnmis  and  Dean
Benchenbr i t e r .  The  p ro jec t  was  coo rd ina ted  by  0 r "v i l l e  J  Van  Eck ,  Ass j s tan t
S ta te  Geo log i s t ,  I owa  Geo log i ca l  Su rvey .
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SOURCES OF INFORMATION
Da ta  used  i n  de f i n i ng  a reas  unde r l a i n  by  coa l  j nc l ude  unde rgnound  m ine  sha f t s ,
coa l - pnospec t  d r i l l  ho l es ,  wa te r  we l ' l  s ,  coa l  ou t c rops ,  and  s t r i p  m jnes .
In fo rma t ion  was  ga the fed  ch ie f l y  f rom Annua l  Repor t s  o f  t he  Iowa  Geo ' l og i ca l
Su r "vey ,  B ienn ia l  Repor t s  o f  t he  Iowa  S ta te  t , l i ne  Inspec to rs ,  I owa  Geo log i ca l
Su rvey  Techn i ca ' l  Pape r  No .4  Coa l  Resou rces  o f  I owa ,  and  geo log i c  l ogs  o f
wa te r  we l l s  d r i l l ed  i n  t he  f j ve  counT lE ! - -under  -T f t y .  A l so  u t i l i zed  was
m isce l l aneous  i n fo rma t i on  on  f j l e  a t  t he  I owa  Geo l  og i ca l  Su rvey ,  wh i ch
' i  nc luded  maps  show ing  l oca t i ons  o f  abandoned  coa l  m ines  and  j n fo rma t ion
conce rn ing  t he  ac t i v i t j e s  o f  spec i  f i c  coa l  -m in i ng  compan ies .  ow ing  t o  t he
shor t  pen iod  o f  t i ne  a l  l owed  fo r  t he  nesearch ,  f i e l d  checks  o f  t he  da ta  were
no t  made .
CRITERIA  USED IN  RESERVE ESTIMAIES
Coa l  rese rves  a re  tabu la ted  acco rd ing  to  coa l  bed  th j ckness ,  t h i ckness  o f
ove rbu rden ,  and  re l i ab j l i t y  o f  t he  es t ima te .
Coa l  Bed  Th i  ckness
In fo rma t ion  regand ing  the  th i ckness  o f  coa l  beds  i s  no t  abundan t .  vuch  o f  i t
' i  s  t aken  f rom nepor t s  o f  t he  Iowa  S ta te  M jne  Inspec to rs  and  f rom annua l  re -
po r t s  o f  t he  Iowa  Geo log i ca l  Su rvey ,  where  on l y  an  ave rage  coa l  t h i ckness  fo r
t he  m ine  o r  m in i ng  d i s t f j c t  i s  r epo r ted .  Coa l  t h i cknesses  nepo r ted  pene t ra ted
in  d r i l l i ng  wa te r  we l l s  i n  I owa  o f t en  have  p roven  un re l i ab le ,  t he re fo re  t h i s
sou rce  was  cons ide red  w i th  rese rve .  The  l en t i cu lan  na tu re  o f  l owa  coa l  com-
p ' l  i ca tes  the  pnob lem o f  bed - th i ckness  con re la t i on  and  the  cons t ruc t i on  o f
i sopach  maps .  Rese rve  es t ima tes  a re  g i ven  fo r  j n te r -med ia te  coa ls  (28  to  42
inches )  and  t h i ck  coa l s  ( g rea te r  t han  4? -  i nches ) .  Resenves  o f  t h j n  coa l s  ( 14
to  28  j nches )  were  no t  es t ima ted .  Fo r  pu r .poses  o f  cons t ruc t j ng  th i ckness
i sopach  maps ,  i t  was  assu rned  tha t  coa l  a t  t he  ou te r  edqes  o f  a l l  de f i ned  coa l
bod i  es  i  s  28  i  nches  th i  ck .
Th i  ckness  o f  Overbu  r "den
Es t ima ted  nese rves  a re  repo r ted  fo r  t h ree  ca teqo r ies  o f  ove rbu rden  th ' i  ckness :
0 -50  fee t ,  50 -100  fee t ,  and  100 -150  fee t .
We i  gh t  o f  Coa  I
The  genera l l y  accep ted  we igh t  o f  1800  tons  pe r  ac re - foo t  f o r  I owa  coa l  was
used  i n  ca l cu la t i ng  t he  t onnage .
Re l ' i  ab i l i t y  o f  Es t ima tes
Coa l  nese rves  a re  repo r ted  as  measured - ind i ca ted  and  i n fen red .  No  a t tempt  was
made  to  d i s t i ngu i sh  be tween  measuned  and  j nd i ca ted  rese rves  because  o f  t he
len t i cu l an  cha rac te r  o f  I owa  coa l  beds .
l l easu red - I  nd i  ca ted  Res  e  r ves
Measuned - j nd i ca ted  rese rve  ca l cu la t j ons  a re  based  on  g roups  o f  c l ose l y  spaced
da ta  po in t s  fo r  wh ich  the  ave rage  th i ckness  o f  t he  coa l  bed  j s  known  and  fo r
wh i ch  t he  unce r ta j n t y  j n  de te r ^m jn jng  t he  t h i ckness  o f  ove rbu rden  j s ' 20  f ee t
o r  l ess .  I nc l uded  i n  t hese  nese rves  a re  a l l  bod ies  o f  coa l  a t  a  d i s t ance  no
g rea te r  t han  one -ha l f  m i l e  ou twa rd  f nom such  da ta  po in t s .
I  n fe r red  Rese  r ves
In fe r red  rese rve  ca l cu la t i ons  ane  based  on  j so l a ted  da ta  po in t s  f o r  wh i ch  coa l
th i ckness  and  dep th  a re  accu ra te l y  known ,  and  on  g roups  o f  da ta  po in t s  fo r
wh ich  bed  th i ckness  o r "  t h i ckness  o f  ove rbu rden  cou ld  no t  be  de te rm ined
accu ra te l y .  A reas  o f  j n fe r red  coa l  o f ten  appean  as  ha los  su r round inq  a reas  o f
measured - ind i ca ted  coa l  ,  and  they  ex tend  no  more  than  one -ha l f  m i l e  beyond  the
ou te r  measured - ind i ca ted  boundary .  A reas  o f  j n fe r red  coa l  de f i ned  by  i so la ted
da ta  po in t s  ex tend  to  d i s tances  no t  gnea ten  than  one  m i le  f rom the  neanes t
da ta  po jn t ,  I n fe r red  fese rves  were  a l so  ex tended  to  i nc lude  a reas  o f
abandoned  undenground  coa l  m ines  and  s t r i p  p i t s  ad jacen t  t o  de f i ned  a feas ,  f o r
wh i ch  i n fonma t i on  on  coa l  dep th  and  t h i ckness  was  no t  ava i l ab le .  Sma l l
abandoned  m ines  i so la ted  f rom da ta  po in t s  fo r  wh ich  coa l  dep th  and  th i ckness
in fo rma t ion  were  l ack ing  were  no t  ' i nc luded  i n  the  nese rve  es t jma te .
GENERAL PROCEDURES IN  RESERVE CALCULATION
In  onde f  t o  de te rm ine  t he  o r i g i na1  nese rves  f o r  each  t ownsh ip ,  da ta  po in t s
f rom a l l  ava i l ab le  sou rces  were  f i r s t  p lo t ted  on  topograph ic  base  maps ,  each
po in t  r eco rd ing  coa l  e l eva t i on  and  t h i ckness  whe re  known .  L l s i ng  t he  c r i t e r i  a
f o r  ne l i ab i l i t y  o f  es t ima tes  p rev ious l y  d i scussed .  t he  a reas  o f  measu red -
ind j ca ted  and  i n fe r red  coa l  were  o r r t l i ned  on  work ing  ove r ' l  ay  maps .  Th i ckness
o f  ove rbu rden  fo r  each  da ta  po in t  was  de tenmined  by  the  d i  f f e rence  be tween  the
su r face  e leva t i on  shown  on  the  topognaph jc  base  map  and  the  e leva t i on  o f  t he
coa l  bed .  Bounda l i es  be tween  lhe  th ree  th i cknesses  o f  ove rbu rden  ca tego r ies
were  con tou red  and  each  ca tego ry  was  co lo r  coded  fo r  ease  i n  recogn i t i on ,
Us ing  known  coa l  t h i cknesses  and  assum ing  m in i r num th j ckness  a t  t he  ou te r  edge
o f  i n f e r red  coa l  ( 28  ' i n ches ) ,  i sopachs  wene  cons t ruc ted  on  t he  wo rk i nq  ove r l ay
maps  us ing  a  th j ckness  i n te rva ' l  o f  1  foo t .  De f i ned  a reas  were  then  measuned
by  means  o f  po la r  p lan jme te r ,  The  p lan ime te r  measure rnen ts  were  conve r ted  to
ac re - fee t  and  then  to  tonnage  by  compu te r ,  The  ca l cu la t i ons  were  tabu la ted
acco rd ing  t o  coa l  bed  t h i ckness ,  t h i ckness  o f  ove rbu rden ,  and  re l i ab i l i t y  o f
es t ima te .  Coa l  rese rves  a re  repo r ted  by  coun ty  and  townsh ip  (Tab le  2 ) .  Tabu-
l a t i on  by  i nd i v i dua l  coa l  bed  was  j udged  no t  f eas ib l e ,  ow ' i  ng  t o  t he  h i gh l y
va r iab le  na tu re  o f  mos t  i ov {a  coa ' l  s .  and  to  the  ex t re rne  d i f f i cu l t y  r v i t h  coa l -
bed  co l .  r e  l a t  i on .
L IMITAI ION OF METHODS
Es t ima t i ng  coa l  r ese rves  i n  I owa  j s  a  d i f f i cu l t  unde r tak i ng .  Subsu r face
in fo rma t ion  i s  spa rse  to  absen t  i n  many  a reas .  Reco rds  o f  m in inq  were  poo r l y
kep t ,  i f  a t  a l l .  0ne  can  demons t ra te  the  ex j s tence  o f  a  g rea t  many  under -
g round  m ines  and  s t r i p  p i t s ,  t he  accu ra te  l oca t j ons  and /on  descn ip t i ons  o f
wh ich  a re  unknown .  Because  o f  t he  genena l  l ack  o f  s t ra t i g raph ic  con t ro l  and
because  o f  t he  g rea t  l a t ena l  va r i a t j on  i n  coa l  chanac te f ,  coa l  - bed  co r re l a t j onj s  a t  p resen t  v i r t ua l l y  imposs ib l e .  The  on l y  cn j t e r i on  f o r  co r re l a t i on  wh i ch
was  emp loyed  ' i n  t h i s  s tudy  was  e leva t ' i  on  o f  t he  coa l  bed .  Much  add i t i ona l
d r i l l i ng  i n f o rma t i on  i s  needed  t o  de f j ne  t he  l im i t s  o f  coa l  t o  any  reasonab le
degree  o f  acc  u  r  acy .
POTENTIAL FOR FUTURE XPLORATION
As  expec ted ,  mos t  o f  t he  ta rge t  a reas  fo r  exp lo ra t i on  fo r  s t r i ppab le  coa l
i nd i ca ted  by  th i s  s tudy  bo rde r  f o rmer l y  ac t j ve  on  cu rnen t l y  ac t i ve  m ines .
l h i s  i s  j n  pa r t  due  to  the  fac t  t ha t  i : hese  a re  a reas  where  more  i n fo rma t ion  j s
ava i l ab le .  So rne  o f  t hese  ta rge ts  su r round  g roups  o f  sma11  m ines ,  wh ich
p robab l y  i nd i ca te  t ha t  t he  coa l  i n  t hese  a reas  i s  va r " i ab le  ' i n  cha rac te r .  A
few ta rge t  a reas ,  pa r t i cu la r l y  i n  l , 4a r i on  Coun ty ,  ane  de f i ned  by  wa te r  we l l
neco rds  on l y .  As  be fo re  men t ioned ,  s ta temen ts  o f  coa l  t h i ckness  i n  t hese
necords  have  been  pnoven  genera l  l y  un re l i ab le .  However ,  t he  a reas  p rohab ly
a re  wor thy  o f  i nves t i ga t i on .  l , l aps  show jng  a reas  under la in  by  coa l  rese rves
seem to  demons tna te  somewha t  l i nean  pa t te rns  t rend jng  p r imar i ' l y  t oward  the
sou theas t .  Ex tens jons  o f  t hese  t rends  beyond  m ined -ou t  a reas  rnay  ex i s t .  Many
o f  t he  known  a reas  under la in  by  coa l  occu r  a long  ma jo r  d ra inage  ne tworks  where
s t ream e ros jon  has  exposed  t he  coa l  ho r i zons .  The re  i s  doub t l ess  coa l  unde r -
l y i ng  unexp lo red  a reas  o f  i n t e r s t r eam d i v j des ,  a l t hough  i t  i s  ques t j onab le
whe the r  much  o f  i t  wou ld  be  s t r i ppab le  because  o f  t h i ck  ove rbu rden .  I n
genera l  ,  t h i ckness  o f  ove rbu rden  j ncneases  towand  the  sou th  i n  t he  f j ve
coun t i es  i nves t i ga ted .  V i r t ua l l y  a l I  o f  t he  coa l  de f j ned  i n  f 4a r i on  and
I t l ahaska  coun t i es  i s  s t r i ppab le ,  wheneas  much  o f  t he  coa l  i n  Monnoe  and  Lucas
coun t i es  j s  t oo  deep  f o r  s t n i pp ing .
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TABLE 2 .  0 r i  g i  na1  coa l  nese rve  es t ima tes
repo r ted  by  coun ty  and  townsh ip  acco rd ing  to
coa l  bed  l h i ckness ,  ove rbu rden  t h i  c kness ,  and
re l  i ab t ' I  i t y  o f  es t ima te .
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0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0
0  . 0 0
0 . 1 4
0 . 0 0
0 . 0 0
' t . 9 4
0  . 0 0
0 . 0 0
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4 . 8 0
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0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0
1 0 0 - t 5 0
0 . 0 0
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0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 , 0 0
|  . 4 2
0 , 0 0
0 . 0 0
o  . 2 2
0 . 0 0
0 . 0 0
0 . 0 0
I  I  . 5 4
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0 . 0 0
0 . 0 0
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T O T A L  S
0  . 0 0
0 . 0 0
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t 8 . 1 4
0  . 0 0
0 . 0 0
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O R I G I N A L
M E A S U R E D . I  N D  I C A T E D  R E S E R V E S
M I L L I O N S  O F  T O N S
T O H N S H  I P
I ,  RANGE
f 7 4  R t 4
T 7 4  R l 5
1 7 4  R t 6
r 7 4  R l 7
f 1 5  R t 4
r ' t 5  R t 5
f 1 5  R t 6
T 7 5  R l 6
r 1 5  R l 7
f 1 6  R l 4
T 7 6  R l 5
T 7 6  R 1 6
r 7 6  R l 7
r 1 1  R l 4
f 1 1  R l 5
T 1 7  R l 6
f 7 7  R l 7
T H  I C K N E S S
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2 A - 4 2
> 4 2
2 A - 1 2
> 1 2
2 A - 4 2
>  4 2
2 A - 4 2
> 4 2
2 A -  1 2
> 4 2
28-  42
>  1 2
2 8 - 4 2
> 4 2
2 A - 4 2
>  4 2
2 a -  1 2
>  4 2
2 A - 4 2
>  1 2
2 8 -  4 2
> 1 2
2 a - 4 2
> 4 2
2 a - 4 2
>  4 2
2 a - 4 2
> 4 2
2 8 - 1 2
>  4 2
2 8 - 4 2
>  4 2
2 a - 4 2
>  4 2
T 0 T A L S
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0  . 0 0
0 . 0 0
o . 7 t
' |  J )
0  . 0 9
4 . 6 8
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2 . 9 2
0 . 0 0
2  . 2 1
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0 . 9 4
2 . 7 0
0 . 8 2
I  . 0 8
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0 . 0 0
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0 . 0 0
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5 . 9 0
0 . 0 0
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0 . 0 0
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0 . 0 0
0 . 0 0
0 . 5 9
2 . 8 6
0 . 2 2
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M I L L  I O N S  O F  T O N S
T O f  N S H  I P
I ,  R A N G E
1 7 1  R l 4
7 7 4  R l 5
f 7 4  R t 6
r 7 4  R 1 7
1 1 5  R l 4
r 1 5  R l 5
f 7 5  R t 6
T ' t 5  R t 6
f 1 5  R l 7
r 1 6  R t 4
f 7 6  R t 5
f 7 6  R l 6
T 7 6  R l 7
f 7 1  R l 4
7 7 7  R t 5
f 1 1  R l 6
f 1 l  R l 7
TH I CKNES S
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2 g - 4 2
> 4 2
2 A - 1 2
> 1 2
2 8 - 1 2
> 4 2
2 8 - 1 2
>  4 2
2 A - 4 2
>  4 2
2 a -  4 2
> 1 2
2 A -  4 2
> 4 2
2 a - 1 2
>  4 2
2 a - 4 2
> 4 2
2 A - 4 2
>  4 2
2 A - 4 2
> 4 2
2 a - a 2
>  4 2
2 8 - 4 2
> 4 2
2 8 - 4 2
> 4 2
? a -  4 2
>  a 2
2 a -  4 2
> 4 2
2 A - 4 2
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T O T A L S
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4 , 7 0
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9 . 0 4
|  . 7 1
0 . 0 0
0 . 8 2
0  , 6 9
0 . 6 7
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
5 . 4 1
0 . 1 7
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
2 0 8 . 6 1  M r L L  t O N S
5 0 -  t  0 0
0 . 0 0
0  . 0 0
5  . 0 8
4 . 8 9
1  . 2 6
2 . 5 6
t . 4 4
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0 . 0 0
0 . 0 0
0  . 0 0
0  . 0 0
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0 . 1 7
0 . 0 0
0  , 0 0
0 . 0 0
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t - l
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2 . 2 9
I  , 8 9
t . 6 l
0 . 4 8
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0 . 0 0
|  . 2 1
t . 9 8
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1 . 0 7
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1 6  . 9 6
1 7 . 1 6
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0 , 0 0
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2 5 . 0 4
2 0 . 5 8
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M I L L I O N S  O F  T O N S
T O I I N S H  I P
&  R A N G E
7 7 4  R t 8
1 ' t 4  R l 9
1 7 4  R 2 0
T 7 4  R 2 l
1 1 5  R t 8
f 7 5  R l 9
f 1 5  R l 9
r  1 5  R 2 0
r 1 5  R 2 l
T 7 6  R t 8
f 7 6  R t 9
T 7 6  R t 9
1 7 6  R 2 0
T  7 6  R 2 l
r 1 7  R l 8
r 1 1  R t 9
r 1 7  R 2 0
1 1 1  R 2 l
T H  I C K N E S S
I N
2 A -  4 2
>  4 2
2 8 -  4 2
>  4 2
2 a - 4  2
> 4 2
2 8 - a 2
>  4 2
2 A -  1 2
> 4 2
2 A -  4 2
>  1 2
2 8 -  1 2
>  4 2
2 A - 4 2
> 4 2
2 8 -  A 2
>  4 2
2 a - 1 2
> 4 2
2 a -  1 2
>  4 2
2 A - 4 2
>  4 2
2 A - 4 2
>  4 2
2 A - 4 2
>  4 2
2 A - 4 2
> 4 2
2 8 -  4 2
>  [ 2
2 A - 4 2
>  4 2
2 8 -  4 2
>  4 2
T O T A L S
0 - 5 0
0 . 1 7
t  t . J 9
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
' |  
. 6 6
2 . 9 8
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0 . 0 0
0 . 8 1
0 . 5 4
0 . 0 0
0  . 0 0
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0 . 9 6
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0 . 4 4
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0 . 0 0
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0 . 4 4
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T O T A L S
t . 4 4
2 4  . 1 9
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
9 . 6 5
1 4  . 2 6
0  . 0 0
0 . 0 0
0 . 9 6
o  . 6 1
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
t . t 1
I  . 5 4
0 . 9 1
0 . 7 7
0  . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
5 . 9 0
5 0 -  t  0 0
0 , 6 5
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0
o . 5 2
4 . 8 5
0 . 0 0
0  . 0 0
0 . 1 4
0 . 1 0
0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
t  7 a
0 , 7 0
0 . 1 8
n  t l
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0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
0 . 9 1
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8  5 . 0 1  M r L L  r 0 N S
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0 . 6 2
7 . 4 4
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 , 0 0
0 . 0 0
I  . 8  t
l . t 0
0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 9 5
0  . 0 9
0 . 0 0
0 , 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 8
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M A R  I O N  C O U N T Y
O R I 6 I N A L
I N F E R R E D  R E S E R V E S
M I  L L  I  O N S  O F  T O N S
T O f  N S H  I P
t  R A N G E
1 7 4  R l 8
1 7 1  R t 9
1 7 4  R 2 0
f 7 4  R 2 t
1 1 5  R I B
f 7 5  R l 9
f 7 5  R l 9
T 7 5  R 2 0
r 1 5  R 2 l
' t 7 6  R l 8
I ' t 6  R l s
T 7 6  R l 9
r 7 6  R 2 0
f 1 6  R 2 1
f 7 7  R l B
f 7 1  R l 9
1 1 1  R 2 0
' f  1 7  R 2 1
T H  I C K N E S S
I N
2 8 - 4 2
>  4 2
2 a -  4 2
> 4 2
2 A -  4 2
> 4 2
2 8 - 4 2
> 4 2
2 A -  4 2
>  4 2
2 8  . 4 2
>  4 2
2 a - 4 2
>  4 2
2 a - 1 2
>  4 2
2 8 - 4 2
>  4 2
2 a - 4 2
>  4 2
2 A - 4 2
>  4 2
2 a -  4 2
> 4 2
2 a -  4 2
>  4 2
2 8 -  4 2
> 4 2
2 a - 4 2
> 4 2
2 A -  4 2
> 4 2
2 A - 4 2
>  4 2
2 8 - 4 2
>  4 2
T O T A L S
0 - 5 0
F T
0 . i 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
1  
. 9 6
0 . 8 9
a  . t 1
2  . 4 1
0 . 0 0
7  
. 6 4
0 . 0 0
6 . t 4
0 . 0 0
6 . 4 7
1 . 4 9
I  . 7 8
0  . 0 0
7 . t 2
0 . l l
5 . 1 1
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
4 . 1 0
0  . 2 1
1  . 4 5
0 . 0 0
8 7 . 2 1
2 9 7 . 4  t  M t L L  r o N S
5 0 - r 0 0
1 . 1 4
t 2  . 1 2
0 . 8 4
0 . 0 0
0 , 0 0
0  . 0 0
0 . 0 0
0 . 0 0
9 . 1 6
2 . 5 4
7 , 6 8
2 . 8 9
0 . 0 0
8 . 0 5
1 4  . 0 2
t  . 2 6
l . l l
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0  . 0 0
0 . 0 0
4 . 8 7
' t . 1 2
r ' t 6 . 0 1
O F  T O N  S
1 0 0 - t 5 0
F T
1 6  . 9 2
t 5 . 6 8
0 . 8 4
0 . 0 0
0 , 0 0
0 . 0 0
0 , 0 0
0 . 0 0
9 . J 8
1 . 1 2
0 . 0 0
l . 0 t
8  . 4 ' l
0 . 5 8
6 , 0 8
I  . 9 8
0 . 0 0
0 . 0 0
2 . 1 7
0  . 0 0
0 . 8 8
0 . 0 0
0  . 0 0
0  . 0 0
0 . c 0
2 . 9 0
t . 2 6
1  . 4 2
2 . 0 n
0 . 4 5
q 4 . 1 1
T O T A L S
t 6 . 6 1
0 , 8 4
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
l 9 , 4 0
t . 4 5
2 5  . 4 4
6  . 8 2
0 . 0 0
t 8 . 7 0
1 . 7 0
|  5 . 8 0
5 . 6 0
?  . 8 9
0 . 0 0
1 6  . 2 1
r ) . l l
3 . 0 0
0 . 0 0
3 . 2 4
0  . 0 0
0 . 0 0
0 . 0 0
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M I L L I O N S  O F  T O N S
T O I { N S H  I P
I .  R A N G E
7 1 t  R l 6
T 7 l  R l 7
T 7 t  R t 8
T 7 l  R t 9
r 1 2  R t 6
r 1 2  R l 7
f  7 2  R  t 8
T 7 2  R l 9
1 7 3  R l 6
r 7 3  R l 6
r 7 3  R l 7
f 1 3  R l 8
T 7 3  R t 9
T H  I C K N E S S
I N
2 A - 1 2
> 4 2
2 8 - 4 2
>  4 2
2 8 -  4 2
>  4 2
2 a -  1 2
>  4 2
2 a - 4 2
>  4 2
28-42
> 4 2
2 A - 4 2
>  4 2
2 a -  4 2
>  4 2
2 A -  1 2
>  4 2
2 a - 4 2
>  4 2
2 A - 4 2
>  4 2
2 a - 4 2
>  4 2
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>  4 2
T O T A L S
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0 . 0 0
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0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
0 . 0 0
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2 . 1 4
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0 . 0 0
0 . 0 0
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r 7 2  R l 6
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f 1 2  R t 8
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f 7 t  R l 6
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r 1 t  R  t 8
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T H I C K N E S S
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2 8 - 4 2
>  1 2
2 A -  1 2
>  4 2
2 a - 1 2
>  4 2
2 8 - 4 2
>  4 2
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>  4 2
2 8 - 4 2
>  4 2
28-  42
>  4 2
2 8 - 4 2
>  4 2
2 A - 4 2
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2 8 - 4 2
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